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• Leiden Observatory
• ESO Fellow (soon! starting December 1st)
• E. M. Rossi
• A. G. A. Brown
• F. Evans
High-V Stars: Runaway Stars v.1
• Supernova explosions in stellar 
binary systems
(e.g. Blaauw 1961, Portegies Zwart 2000)
Credit: S. De Mink
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• Dynamical encounters
between stars in dense 
stellar systems
(e.g. Poveda+1967, Leonard & 
Duncan 1990, Gvaramadze+2009)
High-V Stars: Runaway Stars v.2
Credit: Science/AAAS
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High-V Stars: Runaway Stars
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• Typical velocities attained by the two formation mechanisms
are of the order of a few tens of km/s, even if several
hundreds of km/s can be attained for the most extreme
systems (e.g. Przybilla+2008, Gvaramadze & Gualandris 2011, Silva & 
Napiwotzki 2011)
High-V Stars: Runaway Stars
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• The HVS is a 6σ outlier
from the background 
halo distribution!
• First (serendipitous ) 
detection of a HVS: 
Brown et al. 2005
(Brown et al. 2005)
• B-star (3 MSun) with a 
velocity almost twice
the Galactic escape
velocity at its distance!
First Observation of a HVS
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The Hills Mechanism
(Brown 2015)
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𝑣𝑒𝑗~1000 km/s
(Brown 2015)
The Hills Mechanism
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1.Unbound velocity
2.GC origin
(Brown 2015)
𝑣𝑒𝑗~1000 km/s
The Hills Mechanism
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HVSs – Bound HVSs
Orbit Integration: Galpy (Bovy 2005)
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Orbit Integration: Galpy (Bovy 2005)
•MMT Hypervelocity
Star Survey (Brown et al. 
2014): complete survey
over 29% of sky
• 21 unbound late B-type
HVSs detected in the 
outer halo
(observational bias).
• 10’000 HVSs estimated
of all masses within ~ 100 
kpc (Brown et al. 2007) (Brown, Annu. Rev. Astron. Astrophys. 2015)
Observed HVSs
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• Stellar & High-Energy Astrophysics: they are powerful
tools to study extreme astrophysical processes and binary
evolution (e.g. Renzo+18)
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Why Do We Search for High-V Stars?
•GC Environment: HVSs can be used to constrain the GC 
ejection mechanism (Sesana+07), the binary properties in the 
GC (Rossi, TM+17), and expected TDE rates (Bromley+12)
•Milky Way Dynamics: Tracers for the Galactic escape
speed and the mass of the Milky Way (e.g. Smith+07; Piffl+14)
•Near Field Cosmology: HVSs are tracers of the underlying
(dark) matter distribution (e.g. Gnedin+05; Contigiani, Rossi & TM 2018)
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Predictions of HVSs in Gaia
(TM+18 a)
•Marchetti+18 a: 
Generation of 
mock catalogues
to estimate the 
HVS population in 
Gaia.
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Predictions of HVSs in Gaia
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Predictions of HVSs in Gaia
(TM+18 a)
• ~2000HVSs with radial
velocity, but only ~200
with 𝑣 > 450 km/s Tommaso Marchetti, Preparing for 4MOST
Predictions of HVSs in Gaia
(TM+18 a)
•No radial velocity for 
the majority of HVSs!
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Finding HVSs in Gaia
• Tangential Velocities: e.g. Bromley+18, but the bulk of the population is
expected to be at large distances
• Statistics: Synthetic populations of Galactic HVSs built in Marchetti et al. 
2018a can be used to model the HVS probability density function in the 
parameter space given by the 5 astrometric parameters. 
• Geometry: Searching for stars moving radially away from the centre of the 
Galaxy is an efficient way to discover the most extreme HVSs 
• Machine Learning: 
An artificial neural
network trained to 
detect HVSs using
only astrometric
properties (Marchetti 
et al. 2017)
Credit: ESA
ESA Press Release: Artificial Brain Helps Gaia Catch Speeding Stars 
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Gaia DR2 (in 6D)
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Gaia DR2 in 6D: Results
(TM+18b)
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Gaia DR2 in 6D: Results
Credit: ESA
ESA Press Release: Gaia Spots Stars Flying 
Between Galaxies
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•We need radial veocities to get total velocities and 
confirm the best candidates….
•…. 4MOST can obtain radial velocities for any Gaia star!
• Chemical tagging with high-resolution spectroscopy can 
help narrowing down the HVS ejection location by 
determining their chemical composition (e.g. Hawkins & 
Wyse 2018)
Synergy with 4MOST
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(Hawkins & Wyse 2018)
• Thin + Thick disc: 
grey and green
• Halo: magenta and 
blue
• LMC: orange
• High velocity stars are powerful tracers to probe our
Galaxy
• There are hundreds to thousands of HVSs in Gaia, but
their identification is not trivial because of the missing
radial velocity information (Marchetti et al. 2018 a): we have to 
develop new techniques.
• 4MOST is the perfect instrument to  characterize the high 
velocity tail of the velocity distribution of stars in the Milky
Way: runaway stars, HVSs, ….
Conclusions
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